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In this paper, the closed-form pricing formula for the European vulnerable option with credit risk and jump risk under incomplete
information was derived. Noise was introduced to the option writers assets while the underlying asset price and the value
of corporation were assumed to follow the jump-diffusion processes. Finally the numerical experiment showed that jumps of
underlying assets would increase the value of the option, but noise of corporation value was opposite.

1. Introduction

Credit risk is a kind of risk that is hard to analyze andmanage
quantitatively. Since there are no regulators like clearing
firms to manage credit risk effectively in over-the-counter
exchange, the greater probability of long position of option
suffer fromcredit default risk in theOTC. Such optionswhose
long positions exposed to both market risk and credit risk
synchronously are called the vulnerable options.

The classical option pricing model has been presented by
Black and Scholes [1], and the option pricing theory hasmade
a breakthrough. Merton [2] constructed the corresponding
option pricing model and gave the option pricing formula
by assuming that the return of the underlying stock follows
a continuous and jump mixed process. Johnson and Stulz
[3] derived the pricing formula of the vulnerable option by
assuming that the writers asset follows lognormal process
and the underlying asset price follows lognormal diffusion
process. Klein [4] defined an event of default occurring
when the value of firm assets is less than a fixed boundary
at maturity and assumed that asset of counterparty and
options underlying asset are correlated, and the closed-form
solution of the vulnerable options pricing was derived. Lando
and Duffie [5] studied default intensity under imperfect
information. Assuming that the asset value of the firm obeyed
the geometric Brownian motion with noise, the conditional
distribution of the asset value was obtained and default

intensity can also be calculated. Goldberg and Giesecke [6]
obtained the price of credit sensitive claims by establishing
a credit model with assuming that the default threshold of
the writer was a random variable independent of the firms
value. Assuming the jump-diffusion process followed by asset
prices which satisfied a partial integro-differential equation,
Mayo [7] proposed a more efficient method for numerical
evaluation of option prices. Lakner and Liang [8] analyzed
the optimal investment strategy of credit default bonds based
on structural model and reduced model by introducing the
equivalent martingale measure. Based on model of Klein
[4], under aMarkov-modulated jump-diffusionmodel,Wang
and Wang [9] considered the pricing of vulnerable European
options. Xu et al. [10] have obtained the pricing model of
vulnerable options under jump-diffusion assumptions about
the underlying stock prices and firm values. Tian et al.
[11] obtained the pricing model of vulnerable option and
discussed the influence of jump on the value of vulnerable
option by decomposing jumps in the underlying stock price
and corporate value into two parts caused by the asset itself
and by the market, respectively. Lyu and Zhang [12] derived
vulnerable European option pricing formula with the time-
dependent for double jump-diffusion process by assuming
that the underlying stock price and the ratio of the writers
asset to their debt are governed by jump-diffusion processes.
Based on the reduced model, Wang et al. [13] obtained
the closed-form solution of European vulnerable option
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under fractional Brownian motion with assumption that
stock prices follow jump-diffusion model. The approximate
analytic pricing formula of vulnerable American put options
under jump-diffusion assumptions on the underlying asset
and the assets of the counterparty were derived by Wang
et al. [14]. Xu and Jia [15] used Tikhonov regularization
method and an iterative algorithm to correct the volatility in
jump-diffusion process option pricing model. Liu et al. [16]
introduced the jump-diffusion process into the compound
option and obtained the corresponding pricing formula.

In this paper, we assume that investors can only obtain
incomplete information at some specific time points in the
structural model. Based on this, we investigate the pricing
model of vulnerable option under imperfect information. A
structured model for the pricing of vulnerable option is built
and the closed-form solution is given in Section 2 under
jump-diffusion model assumptions about stock prices and
values of option short asset. In Section 3, the influence of
pricing parameters on option value is studied by numerical
experiments.

2. Pricing Vulnerable Option

In real financial markets, the jumps in financial asset prices
are triggered by policy and big news. In this section, we
investigated the pricing of European vulnerable option with
jump-diffusion model under incomplete information.

Assume that T fl [0, 𝑇] is the limited time level, and(Ω,F,F𝑡∈T, 𝑄) is the complete probability space where 𝑄
is the risk neutral probability measure. The underlying stock
price 𝑆𝑡 and the value of option writers asset𝑉𝑡 are assumed to
be governed by the following stochastic differential equations,
respectively:

𝑑𝑆𝑡𝑆𝑡 = (𝑟 − 𝑘1𝜆1) 𝑑𝑡 + 𝜎1𝑑𝑊1𝑡 + (𝑒𝑍1𝑡 − 1) 𝑑𝑁1𝑡, (1)

𝑑𝑉𝑡𝑉𝑡
= (𝑟 − 𝑘2𝜆2) 𝑑𝑡 + 𝜎2𝑑𝑊2𝑡 + (𝑒𝑍2𝑡 − 1) 𝑑𝑁2𝑡, (2)

where 𝑟 is the risk-free interest rate, 𝜎1 is the volatility
of stock prices, 𝜎2 is the volatility of option writers asset
values, 𝑊1𝑡 and 𝑊2𝑡 are standard Brownian motions with a
correlation coefficient 𝜌12,𝑁1𝑡 and𝑁2𝑡 are Poisson processes
with intensities of 𝜆1 and 𝜆2 respectively, 𝑍𝑖𝑡 ∼ 𝑁(𝜇𝑖, 𝜎2

𝑖𝐽),

𝑘𝑖 = 𝑒𝜇𝑖+(1/2)𝜎2𝑖𝐽 , 𝑖 = 1, 2.We suppose that (𝑊1𝑡,𝑊2𝑡),𝑁1𝑡,𝑁2𝑡,𝑍1𝑡, 𝑍2𝑡 are independent.
It is assumed that the long option of the position cannot

obtain all the state information about the assets of the short
position in time and only receive incomplete information at
some specific moments 𝑡1, 𝑡2, ⋅ ⋅ ⋅(𝑡𝑖 < 𝑡𝑖+1, 𝑖 = 1, 2, ⋅ ⋅ ⋅).
The asset value of the short position �̂�𝑡 is also assumed with
noise existing at each observation moment 𝑡. We extend the
assumption for noise of assets by Lando and Luffie [4] (2001):

ln �̂�𝑡 = ln𝑉𝑡 + 𝑈 (𝑡) = ln𝑉𝑡 − 1
2𝜎2

3𝑇 + ∫
𝑇

0
𝜎3𝑑𝑊3𝑢, (3)

where noise 𝑈(𝑡) ∼ 𝑁(−(1/2)𝜎2
3𝑇, 𝜎2

3 ), 𝜎3 is a positive
constant,𝑊3𝑡 is a standard Brownianmotion, andwe suppose
that (𝑊1𝑡,𝑊2𝑡),𝑊3𝑡,𝑁1𝑡,𝑁2𝑡, 𝑍1𝑡, and 𝑍2𝑡 are independent.

The default happens when the asset value of the short
position reaches the default boundary. When the default
occurs, the recovery rate of the short assets is (1 − 𝑤)�̂�𝑇/𝐷,
where𝐷 is the default threshold, and 𝑤 presents the percent-
age of cost resulting from short position bankruptcy to value
of option writer. Under the risk neutral probability measure,
the value of European vulnerable option at time zero is driven
by the following equation:

𝐶 (0, 𝑇) = 𝐸[𝑒−𝑟𝑇 (𝑆𝑇 − 𝐾)+

⋅ (1{�̂�𝑇≥𝐷∗} + (1 − 𝑤) �̂�𝑇𝐷 1{�̂�𝑇<𝐷∗}) | F0]
(4)

where 𝐷∗ is the default boundary which is equal to the sum
of the default threshold 𝐷 and other debts of short option
position.

Theorem 1. Assume that the underlying stock price 𝑆𝑡 and the
value of option writers assets 𝑉𝑡 are driven by jump-diffusion
models (1) and (2), respectively. The long position of option
receives some information of the option writer at particular
time points. The reporting value of the option writer 𝑉𝑡 is given
by (3). Then the value of the European vulnerable option with
strike price𝐾 and maturity 𝑇 is

𝐶 (0, 𝑇) = ∞∑
𝑛=0

∞∑
𝑚=0

(𝜆1𝑇)𝑛 (𝜆2𝑇)𝑚 𝑒−𝜆1𝑇−𝜆2𝑇𝑛!𝑚! 𝐶𝑛,𝑚, (5)

where

𝐶𝑛,𝑚 = 𝑆0𝑒−𝑘1𝜆1𝑇+𝑛𝜇1+(1/2)𝑛𝜎21𝐽𝑁(𝑎1 (𝑛) , 𝑎2 (𝑚) , 𝜌 (𝑛,𝑚)) − 𝐾𝑁 (𝑏1 (𝑛) , 𝑏2 (𝑚) , 𝜌 (𝑛,𝑚))
+ 1 − 𝑤

𝐷 𝑆0�̂�0𝑒𝑟𝑇−𝑘1𝜆1𝑇+𝑛𝜇1+(1/2)𝑛𝜎21𝐽−𝑘2𝜆2𝑇+𝑚𝜇2+(1/2)𝑚𝜎22𝐽−𝜌√𝜎2
1
𝑇+𝑛𝜎2

1𝐽
√𝜎2
𝑉
𝑇+𝑚𝜎2

2𝐽

× 𝑁(𝑐1 (𝑛,𝑚) , 𝑐2 (𝑛, 𝑚) , −𝜌 (𝑛,𝑚)) − 1 − 𝑤
𝐷 𝐾�̂�0𝑒−𝑘2𝜆2𝑇+𝑚𝜇2+(1/2)𝑚𝜎22𝐽𝑁(𝑑1 (𝑛,𝑚) , 𝑑2 (𝑚) , −𝜌 (𝑛,𝑚)) ,

𝑏1 (𝑛) = ln (𝑆0/𝐾) + (𝑟 − (1/2) 𝜎2
1 − 𝑘1𝜆1)𝑇 + 𝑛𝜇1

√𝑛𝜎2
1𝐽 + 𝜎2

1𝑇
,
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𝑏2 (𝑚) = ln (𝑉0/𝐷∗) + (𝑟 − (1/2) 𝜎2
2 − (1/2) 𝜎2

3 − 𝑘2𝜆2)𝑇 + 𝑚𝜇2
√𝑚𝜎2

2𝐽 + 𝜎2
𝑉𝑇

,

𝑎1 (𝑛) = 𝑏1 (𝑛) + √𝜎2
1𝑇 + 𝑛𝜎2

1𝐽,
𝑎2 (𝑛, 𝑚) = 𝑏2 (𝑚) + 𝜌√𝜎2

1𝑇 + 𝑛𝜎2
1𝐽,

𝑐1 (𝑛, 𝑚) = 𝑏1 (𝑛) + √𝜎2
1𝑇 + 𝑛𝜎2

1𝐽 − 𝜌√𝜎2
𝑉𝑇 + 𝑚𝜎2

2𝐽,
𝑐2 (𝑛, 𝑚) = −𝑏2 (𝑛) + 𝜌√𝜎2

1𝑇 + 𝑛𝜎2
1𝐽 − √𝜎2

𝑉𝑇 + 𝑚𝜎2
2𝐽,

𝑑1 (𝑛, 𝑚) = 𝑏1 (𝑛) − 𝜌√𝜎2
𝑉𝑇 + 𝑚𝜎2

2𝐽,
𝑑2 (𝑚) = −𝑏2 (𝑚) − √𝜎2

𝑉𝑇 + 𝑚𝜎2
2𝐽,

𝜎2
𝑉 = 𝜎2

2 + 𝜎2
3 ,

𝜌 = 𝜌12𝜎1𝜎2𝑇
√𝑛𝜎2

1𝐽 + 𝜎2
1𝑇√𝑚𝜎2

2𝐽 + 𝜎2
𝑉𝑇

,

𝑁 (𝑥, 𝑦, 𝜌) = ∫𝑥

−∞
∫𝑦

−∞

1
2𝜋√1 − 𝜌2 𝑒

(−1/2𝜌)(𝑥2−2𝜌𝑥𝑦+𝑦2)𝑑𝑥𝑑𝑦.
(6)

Proof. Consider (1), (2), and (3); by use of It𝑜’s formula, we
have

ln 𝑆𝑇 = ln 𝑆0 + (𝑟 − 1
2𝜎2

1 − 𝑘1𝜆1)𝑇 + ∫
𝑇

0
𝜎1𝑑𝑊1𝑢

+ 𝑁1𝑇∑
𝑖=1
𝑍(𝑖)

1𝑇,
(7)

ln𝑉𝑇 = ln𝑉0 + (𝑟 − 1
2𝜎2

2 − 𝑘2𝜆2)𝑇 + ∫
𝑇

0
𝜎2𝑑𝑊2𝑢

+ 𝑁2𝑇∑
𝑖=1
𝑍(𝑖)

2𝑇,
(8)

ln𝑉𝑇 = ln �̂�0 + (𝑟 − 1
2𝜎2

2 − 1
2𝜎2

3 − 𝑘2𝜆2)𝑇

+ ∫𝑇

0
𝜎2𝑑𝑊2𝑢 + ∫

𝑇

0
𝜎3𝑑𝑊3u +

𝑁2𝑇∑
𝑖=1
𝑍(𝑖)

2𝑇,
(9)

and under the condition G
(𝑛,𝑚)
𝑇 fl 𝑁1

𝑇 = 𝑛,𝑁2
𝑇 = 𝑚, the

jumping times of 𝑆𝑇 and𝑉𝑇 are 𝑛 and𝑚, respectively, and the
jumping time of �̂�𝑇 is𝑚. So

ln 𝑆𝑇,𝑛 = ln 𝑆0 + (𝑟 − 1
2𝜎2

1 − 𝑘1𝜆1)𝑇 + ∫
𝑇

0
𝜎1𝑑𝑊1𝑢

+ 𝑛∑
𝑖=1
𝑍(𝑖)

1𝑇,
(10)

ln𝑉𝑇,𝑚 = ln𝑉0 + (𝑟 − 1
2𝜎2

2 − 𝑘2𝜆2)𝑇 + ∫
𝑇

0
𝜎2𝑑𝑊2𝑢

+ 𝑚∑
𝑖=1
𝑍(𝑖)

2𝑇,
(11)

ln �̂�𝑇,𝑚 = ln �̂�0 + (𝑟 − 1
2𝜎2

2 − 1
2𝜎2

3 − 𝑘2𝜆2)𝑇

+ ∫𝑇

0
𝜎2𝑑𝑊2𝑢 + ∫

𝑇

0
𝜎3𝑑𝑊3𝑢 +

𝑚∑
𝑖=1
𝑍(𝑖)

2𝑇.
(12)

According to that, ln(𝑆𝑇,𝑛/𝑆0), ln(𝑉𝑇,𝑚/𝑉0), ln(�̂�𝑇,𝑚/�̂�0) are
following normal distribution. In sample space Ω =
⋃∞

𝑛=0⋃∞
𝑚=0 G

(𝑛,𝑚)
𝑇 , applying the total expectation formula,𝐶(0, 𝑇) can be rewritten as

𝐶 (0, 𝑇) = 𝑒−𝑟𝑇𝐸[(𝑆𝑇,𝑛 − 𝐾)+ (1{�̂�𝑇,𝑚≥𝐷∗}



4 Discrete Dynamics in Nature and Society

+ (1 − 𝑤) �̂�𝑇,𝑚𝐷 1{�̂�𝑇,𝑚<𝐷∗})1{𝜔∈Ω}] =
∞∑
𝑛=0

∞∑
𝑚=0

𝑄(𝑁1
𝑇

= 𝑛,𝑁2
𝑇 = 𝑚) 𝑒−𝑟𝑇𝐸[(𝑆𝑇,𝑛 − 𝐾)+

⋅ (1{�̂�𝑇,𝑚≥𝐷∗} + (1 − 𝑤) �̂�𝑇,𝑚𝐷 1{�̂�𝑇,𝑚<𝐷∗})]

= ∞∑
𝑛=0

∞∑
𝑚=0

(𝜆1𝑇)𝑛 (𝜆2𝑇)𝑚 𝑒−𝜆1𝑇−𝜆2𝑇𝑛!𝑚! 𝐶𝑛,𝑚,
(13)

where

𝐶𝑛,𝑚 = 𝑒−𝑟𝑇𝐸[(𝑆𝑇,𝑛 − 𝐾)+

⋅ (1{�̂�𝑇,𝑚≥𝐷∗} + (1 − 𝑤) �̂�𝑇,𝑚𝐷 1{�̂�𝑇,𝑚<𝐷∗})]
= 𝑒−𝑟𝑇 [𝐴1 (𝑛,𝑚) + 𝐴2 (𝑛,𝑚) + 𝐴3 (𝑛, 𝑚)
+ 𝐴4 (𝑛, 𝑚)] ;

(14)

here

𝐴1 (𝑛, 𝑚) = 𝐸 [𝑆𝑇,𝑛1{𝑆𝑇,𝑛≥𝐾,�̂�𝑇,𝑚≥𝐷∗}] ,
𝐴3 (𝑛, 𝑚) = 1 − 𝑤

𝐷 𝐸 [𝑆𝑇,𝑛�̂�𝑇,𝑚1{𝑆𝑇,𝑛≥𝐾,�̂�𝑇,𝑚<𝐷∗}] ,
𝐴2 (𝑛, 𝑚) = −𝐾𝐸 [1{𝑆𝑇,𝑛≥𝐾,�̂�𝑇,𝑚≥𝐷∗}] ,
𝐴4 (𝑛, 𝑚) = −1 − 𝑤𝐷 𝐸 [�̂�𝑇,𝑚1{𝑆𝑇,𝑛≥𝐾,�̂�𝑇,𝑚<𝐷∗}] ,

(15)

and in the Appendix, we have

𝐴1 (𝑛, 𝑚) = 𝑆0𝑒(𝑟−𝑘1𝜆1)𝑇+𝑛𝜇1+(1/2)𝑛𝜎21𝐽𝑁(𝑎1 (𝑛) , 𝑎2 (𝑛,𝑚) 𝜌 (𝑛,𝑚)) ,
𝐴2 (𝑛, 𝑚) = −𝐾𝑁(𝑏1 (𝑛) , 𝑏2 (𝑚) , 𝜌 (𝑛, 𝑚)) ,
𝐴3 (𝑛, 𝑚) = −1 − 𝑤𝐷 𝑆0𝑉0𝑒(𝑟−𝑘1𝜆1)𝑇+𝑛𝜇1+(1/2)𝑛𝜎21𝐽+(𝑟−𝑘2𝜆2)𝑇+𝑚𝜇2+(1/2)𝑚𝜎22𝐽−𝜌√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
√𝜎2
𝑉
𝑇+𝑀𝜎2

2𝐽

⋅ 𝑁 (𝑐1 (𝑛,𝑚) , 𝑐2 (𝑛,𝑚) , −𝜌 (𝑛,𝑚)) ,
𝐴4 (𝑛, 𝑚) = −1 − 𝑤𝐷 𝐾�̂�0𝑒(𝑟−𝑘2𝜆2)𝑇+𝑚𝜇2+(1/2)𝑚𝜎22𝐽𝑁(𝑑1 (𝑛,𝑚) , 𝑑2 (𝑚) , −𝜌 (𝑛,𝑚)) ,

(16)

take those to (13), the pricing formula (5) of European
vulnerable call option at zero time under imperfect informa-
tion.

Corollary 2 (B-S model). If 𝐷∗ = 0, 𝜆1 = 𝜆2 = 0, 𝑛 = 𝑚 = 0,
then the pricing formula (5) can be simplified to B-S pricing
formula of European vulnerable call option:

𝐶 (0, 𝑇) = 𝑆0𝑁(𝐴1) − 𝐾𝑒−𝑟𝑇𝑁(𝐵1) , (17)

where

𝐴1 = [ln (𝑆0/𝐾) + (𝑟 + (1/2) 𝜎2
1) 𝑇]

𝜎1𝑇 ,
𝐵1 = 𝐴1 − 𝜎1√𝑇.

(18)

Corollary 3 (Merton’s model). If 𝐷∗ = 0, then the pricing
formula (5) can be rewritten as pricing formula of European
vulnerable call option under Merton jump-diffusion model:

𝐶 (0, 𝑇) = ∞∑
𝑛=0

(𝜆1𝑇)𝑛 𝑒−𝜆1𝑇𝑛!

⋅ [𝑆0𝑒−𝑘1𝜆1𝑇+𝑛𝜇1+(1/2)𝑛𝜎21𝐽𝑁(𝑎1 (𝑛))
− 𝐾𝑒−𝑟𝑇𝑁(𝑏1 (𝑛))] .

(19)

Corollary 4 (Klein’s model). If 𝜆1 = 0, 𝑛 = 0, 𝜆2 = 0,𝑚 =0, 𝜎3 = 0, then the pricing formula (5) can be reduced to pricing
formula of European call option under model of Klein with
complete information:

𝐶 (0, 𝑇) = (𝑆0𝑁(𝐴1, 𝐴2, 𝜌12) − 𝐾𝑒−𝑟𝑇𝑁(𝐵1, 𝐵2, 𝜌12)
+ 1 − 𝑤

𝐷 𝑆0𝑉0𝑒𝑟𝑇+𝜌12𝜎1𝜎2𝑇𝑁(𝐶1, 𝐶2, −𝜌12)
− 1 − 𝑤

𝐷 𝐾𝑉0𝑁(𝐷1, 𝐷2, −𝜌12)) ,
(20)

where

𝐵1 = [ln (𝑆0/𝐾) + (𝑟 − (1/2) 𝜎2
1) 𝑇]

𝜎1𝑇 ,

𝐵2 = [ln (𝑉0/𝐷∗) + (𝑟 − (1/2) 𝜎2
2)𝑇]

𝜎2𝑇 ,
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𝐴1 = 𝐵1 + 𝜎1√𝑇,
𝐴2 = 𝐵2 + 𝜌12𝜎1√𝑇,
𝐶1 = 𝐵1 + (𝜎1 + 𝜌12𝜎2)√𝑇,
𝐶2 = −𝐵2 − (𝜎2 + 𝜌12𝜎1)√𝑇,
𝐷1 = 𝐵1 + 𝜌12𝜎2√𝑇,
𝐷2 = −𝐵2 − 𝜎2√𝑇.

(21)

3. Numerical Experiment

In this section, we take the quantitative experimenting
approach to analyze the impact of various parameters in
pricing formula (5) while taking the Black-Scholes model
(1973), the Merton’s jump-diffusion model (1976), and the
Klein’s vulnerable B-S model (1996) as basic objects for
constructive research. The main purpose of these three
models we chose is to observe the effect of noise introduced
on option value and the influence of market price of jump
risk is priced on option value. We suppose the parameters of
formula (5) taking values are as follows:

𝑆0 = 10,
�̂�0 = 10,
𝐾 = 10,
𝐷∗ = 10,
𝐷 = 10,
𝑇 = 1,
𝑟0 = 0.02,
𝜎1 = 0.3,
𝜎2 = 0.3,
𝜎3 = 0.3,
𝜆1 = 5,
𝜆2 = 5,
𝜇1 = 0,
𝜇2 = 0,
𝜎1𝐽 = 0.1,
𝜎2𝐽 = 0.1,
𝑊 = 0.4.

(22)

Firstly, we compare the option value under pricing model
of vulnerable option under incomplete information with
option value under traditional model such as B-S model,
Merton’s jump-diffusion model, and Klein’s model. As shown

B-S model
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Klein model
Our model
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Figure 1: The price of vulnerable call option with incomplete
information and other three classical models.
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Figure 2: The influence of noise on vulnerable call option with
incomplete information.

in Figure 1, the value of vulnerable option under incomplete
information is lower than the option value under Merton’s
jump-diffusion model, but it is higher than the option value
under Klein’s model. There is a cross between the value
of vulnerable option under imperfect information and the
option value under classical B-S model which shows that the
introduction of jump and noise factor makes the vulnerable
option show higher value when the underlying stock price is
lower.

Secondly, influence of introducing noise to the value of
vulnerable options under incomplete information is inves-
tigated. From Figure 2, it is easy to find that, due to
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Figure 3: The influence of jump on vulnerable call option with incomplete information.
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Figure 4: The influence of correlation coefficient 𝜌12 on vulnerable call option with incomplete information.

the introduction of noise, the value of vulnerable options
increases under incomplete information. It also shows that
ignoring the factors that investors cannot always observe the
changes of option writer assets may overestimate the value of
option in the financial model.

The impact of jump in underlying stock and option writ-
ers assets on the value of vulnerable option under incomplete
information is analyzed. When the jump intensities are 𝜆1 =5, 𝜆2 = 0; 𝜆1 = 0, 𝜆2 = 5; 𝜆1 = 5, 𝜆2 = 5, three
different situations are shown in Figure 3. 𝜆1 = 5, 𝜆2 = 0
is used to explain jump changes caused by major events in
the underlying stock. Analogously, 𝜆1 = 0, 𝜆2 = 5 is used to
explain the sudden jump changes in option writer assets; 𝜆1 =5, 𝜆2 = 5 is used to explain the huge changes in underlying

stock and option writer assets. It can be seen from Figure 3
that the jump of the underlying stock price increases the value
of the vulnerable optionunder incomplete information, while
the jumpof the optionwriter assets valuewill reduce the value
of the vulnerable option under incomplete information.

Finally, we study the influence of correlation coefficient
between Brownian motions on option value of vulnerable
option model under incomplete information. The effect of
the correlation coefficient 𝜌12 on option value is shown in
Figure 4. When the price of underlying stock is lower, the
change of correlation coefficient has little influence on option
value.With the increase of underlying stock price, the change
of correlation coefficient has greater influence on option
value. In addition, it can be seen that when the underlying
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stock price is given, the value of the option would rise with
the increase of correlation coefficient. It also shows that
the option value is positively correlated with the correlation
coefficient.

4. Conclusion

In this paper, suppose that the underlying stock price and the
value of the option writers asset are following jump-diffusion
processes, and the closed-form solution of the European
vulnerable option pricing with credit risk under incomplete
information was obtained. We consider the condition of
incomplete information, extend the assumption of Lando and
Luffie [5] about asset noise, develop the framework of Klein,
and obtain the pricing model of the European vulnerable

option. In this model, we consider jump risk as unsystematic
risk and compare the value of the European vulnerable
option model under incomplete information to the value of
the European vulnerable option under B-S model, Merton’s
jump-diffusion model, and Klein’s model. In the numerical
part, we derive that the jump of the underlying stock price
will increase the option value, and the jump of the value of
the option writer asset will reduce the value of the option.

Appendix

Suppose that 𝜉1 and 𝜉2 are standard normal distri-
butions, and their correlation coefficient is 𝜌 =
𝜌12𝜎1𝜎2𝑇/√𝑛𝜎2

1𝐽 + 𝜎2
1𝑇√𝑀𝜎2

2𝐽 + 𝜎2
𝑉𝑇, where 𝜎2

𝑉 = 𝜎2
2 + 𝜎2

3 ;
we have

ln 𝑆𝑇,𝑛 = ln 𝑆0 + (𝑟 − 1
2𝜎2

1 − 𝑘1𝜆1)𝑇 + 𝑛𝜇1 + √𝜎2
1𝑇 + 𝑛𝜎2

1𝐽𝜉1, (A.1)

ln �̂�𝑇,𝑚 = ln �̂�0 + (𝑟 − 1
2𝜎2

2 − 1
2𝜎2

3 − 𝑘2𝜆2)𝑇 + 𝑚𝜇2 + √𝜎2
𝑉𝑇 + 𝑚𝜎2

2𝐽𝜉2, (A.2)

𝑀𝑆 (𝑛) = 𝐸(ln 𝑆𝑇,𝑛𝑆0 ) = (𝑟 −
1
2𝜎2

1 − 𝑘1𝜆1)𝑇 + 𝑛𝜇1, (A.3)

𝑀𝑉 (𝑚) = 𝐸(ln 𝑉𝑇,𝑚𝑉0
) = (𝑟 − 1

2𝜎2
2 − 𝑘2𝜆2)𝑇 + 𝑚𝜇2 (A.4)

𝑀�̂� (𝑚) = 𝐸(ln �̂�𝑇,𝑚
�̂�0

) = (𝑟 − 1
2𝜎2

2 − 1
2𝜎2

3 − 𝑘2𝜆2)𝑇 + 𝑚𝜇2, (A.5)

cov (ln 𝑆𝑇,𝑛𝑆0 , ln
𝑉𝑇,𝑚𝑉0

) = 𝜌12𝜎1𝜎2𝑇, (A.6)

𝐴1 (𝑛,𝑚) = 𝐸 [𝑆𝑇,𝑛1{𝑆𝑇,𝑛≥𝐾,�̂�𝑇,𝑚≥𝐷∗}]
= 𝑆0𝑒𝑀𝑆(𝑛)𝐸[𝑒−√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
(−𝜉1)1{−𝜉1≤−(ln(𝐾/𝑆0)−𝑀𝑆(𝑛))/√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
,−𝜉2≤−(ln(𝐷∗/�̂�0)−𝑀�̂�(𝑚))/√𝜎2

𝑉
𝑇+𝑚𝜎2

2𝐽
}]

= 𝑆0𝑒𝑀𝑆(𝑛)𝐸 [𝑒−√𝜎2
1
𝑇+𝑛𝜎2

1𝐽
(−𝜉1)1{−𝜉1≤𝑏1(𝑛),−𝜉2≤𝑏2(𝑚)}]

= 𝑆0𝑒𝑀𝑆(𝑛) ∫
𝑏1(𝑛)

−∞
∫𝑏2(𝑚)

−∞
𝑒−√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
𝑥 1
2𝜋√1 − 𝜌2 𝑒

(1/−2√1−𝜌2)(𝑥2−2𝜌𝑥𝑦+𝑦2)𝑑𝑥𝑑𝑦

= 𝑆0𝑒𝑀𝑆(𝑛) ∫
𝑏1(𝑛)

−∞
∫𝑏2(𝑚)

−∞
𝑒(1/2)(𝜎21𝑇+𝑛𝜎21𝐽) 1

2𝜋√1 − 𝜌2
× 𝑒(1/−2(1−𝜌2))[(𝑥+√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
)2−2𝜌(𝑥+√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
)(𝑦+√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
)+(𝑦+√𝜎2

1
𝑇+𝑛𝜎2

1𝐽
)2]𝑑𝑥𝑑𝑦

= 𝑆0𝑒𝑀𝑆(𝑛) ∫
𝑎1(𝑛)

−∞
∫𝑎2(𝑛,𝑚)

−∞
𝑒(1/2)(𝜎21𝑇+𝑛𝜎21𝐽) 1

2𝜋√1 − 𝜌2 𝑒
(1/−2(1−𝜌2))(𝑥2−2𝜌𝑥𝑦+𝑦2)𝑑𝑥𝑑𝑦

= 𝑆0𝑒(𝑟−𝑘1𝜆1)𝑇+𝑛𝜇1+(1/2)𝑛𝜎21𝐽𝑁(𝑎1 (𝑛) , 𝑎2 (𝑛, 𝑚) , 𝜌 (𝑛,𝑚)) .

(A.7)
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𝐴2(𝑛, 𝑚),𝐴3(𝑛,𝑚), and𝐴4(𝑛,𝑚) can be obtained in a similar
way.
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